diode was achieved by first infiltrating the structures with aqueous boric acid, followed by thermal annealing at above the melting point of boron oxide to achieve a high fill and conversion of the materials into boron oxide. The present solution phase processing strategy has the potential to yield amenable and economical manufacturing processes for coating neutron converter materials on detectors. Potential performance of a boron oxide filled detector is also discussed.
INTRODUCTION
Interest in thermal neutron detectors has increased significantly over the past several years in response to heightened fears of nuclear proliferation and terrorism. The application space for thermal neutron detectors is broad. Reliable detectors are needed in a large number of form factors with different size and performance requirements. Currently, 3 He filled gas tubes are the standard for thermal neutron detection the in field. In response to the diminishing supply of available 3 He and the rapidly increasing demand for thermal neutron detectors, a number of technologies are being explored.
These include boron-10-( [10] , and has achieved detectors with 20% intrinsic detection efficiency [9] , with the possibility to increase to greater than 50%. McGregor et al. have developed a design based on 6 LiF in perforations, also a promising approach based on a 3d geometry. [1] [2] [3] [4] Typically, thermal neutron detectors operate on similar principles, relying on an isotope with a high thermal neutron cross-section such as 3 He, 10 B, 6 Li, 157 Gd and 113 Cd. An incident thermal neutron interacts with the neutron sensitive material, resulting in a nuclear reaction. The products are then either directly collected or converted to electron-hole pairs in a semiconductor, or photons in a scintillator.
The use of a semiconductor based system offers several advantages over gas filled tube based detectors. First, since a solid neutron converter material is used instead of a gas, this allows a significantly smaller detector footprint for solid state detector devices. In addition, a solid detector offers the potential for superior fieldability due to their decreased sensitivity to vibrations, ease of transport compared to gaseous chambers, and potential for lower voltage operation. In the initial development of solid state detectors, the semiconductor based detectors were based on a flat diode coated with a thin film of neutron conversion material. However, due to inherent limitations in this type of design, the maximum efficiency for detectors with a single conversion layer design is about 4%. [1] Recently, our group has reported on a three dimensional solution which has the potential to achieve >50% efficiency [9] . Having a non-vacuum based deposition method is attractive from a process costreduction and complexity standpoint. In this work, we report on the use of 10 B 2 O 3 as a potential neutron converter material within our 3D pillar structure.
THERMAL NEUTRON CONVERSION IN BORON OXIDE
Semiconductor based thermal neutron detectors typically go through a three-step detection process ( Figure 1a ). In the first step, a thermal neutron collides with the neutron conversion material and creates several nuclear or charged particles and gamma rays. In the second step, these charged products deposit their energy in the semiconductor detector in the form of electron-hole pairs. The third step is the collection of these pairs to generate a detectable signal.
In order to determine whether a detector design based on 10 B 2 O 3 can feasibly achieve a high intrinsic efficiency , we have calculated the probability of neutron capture for . This translates to an increase in neutron mean free path (λ) from 18 μm to 53 μm. To determine the effect of this on the thermal neutron efficiency for homeland security purposes, it must be noted that thermal neutrons to be detected in this case are not strictly directional. This is because neutrons are expected to be emitted at high energies from special nuclear materials and only become thermalized as they are moderated in the surrounding environment. Figure 2a shows that we have opted to calculate efficiency based on a 4π distribution of thermal neutrons, or neutrons incident on the detector equally from all directions and at all angles. Figure 2b displays when exposed to humidity and dissolves readily in a large array of polar solvents such as water and methanol.
Silicon pillar array platforms are defined using standard photolithographic techniques. To achieve the aspect ratios required, we employ nLOF 2035 negative photoresist, which produces a mask of ~2.8 μm in thickness. Etching is done in an STS DRIE Bosch system, using a process recipe composed of alternating fluorobutante (C 4 F 8 ) sidewall passivation and sulfur hexafluoride (SF 6 ) silicon etch steps [8] . Erosion of the photoresist mask is a potentially serious problem if the selectivity is not carefully controlled; an overall etch selectivity of >25:1 must be achieved to produce silicon pillar arrays of greater than 75 μm. In addition, care must be taken not to overestimate the selectivity due to highly aspect-ratio-dependent etching. Also, the sidewall slope of the pillars must be nearly vertical for our device design. For an array consisting of 2-μm wide pillar with a height of >50 μm, even slight positive or negative tapers can result in pinching off of the etch or undercut of the pillar leading to insufficiently tall pillars or collapse of the pillars, respectively. We have achieved >70 μm tall pillars with photoresist remaining on top. Figure 3 shows a cross-sectional scanning electron microscopy (SEM) image of these as-processed pillars.
Solution based deposition of 10 B 2 O 3
Filling such high aspect ratio structures presents a challenge. C cannot be applied to fill our pillar arrays because it will result in limited infiltration of the pillar structure (Fig 4) .
Our strategy to achieve a high degree of filling of Chemical-mechanical planarization (CMP) is a common method for removing overfill of both ductile materials (i.e. metals) [15] [16] and brittle materials such as SiO 2 [17] . In addition, it has previously been used to remove borosilicate glass, which generally contains ~13% B 2 O 3 . However, solutions for etching borosilicate glass are water-based; these etchants rely on hydrolyzing the silicon dioxide for weakening the structure [18] , rather than the B 2 O 3 . When exposed to a water-based solution or slurry, the B 2 O 3 begins to dissolve immediately and cracks grow within the oxide fill. Therefore, we have opted to use silicone oil. By using 0.3 μm size grit, a spin speed of 50 rpm, we achieved a Voss et al. Voss et al.
